Abstract. In this paper, we propose an improved cognitive amplify-and-forward relaying model, in which the multiple secondary users can harvest energy from the primary network, assisting primary user transmission and meanwhile performing secondary transmission in a spectrum-sharing network. One secondary user having highest harvested energy among multiple secondary users will be selected as a relay to broadcast information. The outage probabilities (OP) of the primary and secondary network are investigated to evaluate the performance of network over Rayleigh fading channels. In particularly, we derive the analytical expression of OP for primary and secondary network. Moreover, the closed-form expression of lower bound for OP at secondary user is obtained. Analysis results are validated by the Monte-Carlo simulation results, which show that the improved cognitive radio model and the number of relays have significant improvement in the system OP.
broadcast the primary and secondary signals. For performance evaluation, we derive the exact expression for the outage probability (OP) of the primary and secondary system in a CR network over Rayleigh fading channels, what's more, the lower-bound closed-form expressions of OP for secondary user is obtained. Finally, we perform Monte-Carlo simulations to demonstrate our derivations.
System Model
The cognitive AF relay network with two primary users and , and the secondary network consist of energy harvesting users denoted as and respectively. Primary user attempts to transmit data to , however, the distance between and beyond the range of effective communication, so, there is not a direct link between primary users. Fortunately, is willing to act as a relay to assist primary transmission so that it can access the licensed band and transmits its own information to secondary user . We suppose that the primary user has constant power supply, i.e., , while there is no energy provided for relay . All nodes are equipped with one single antenna and operate in half-duplex mode.
The whole communication takes place in two phases. In the first phase, primary user transmits information to secondary network. In the second phase, harvests energy from the part of its received signal from , and employs the harvested energy to deliver the resulting information with the messages prepared for user . Due to the wireless broadcast nature, can also receives the primary signal in phase 1. Thus, secondary user can also harvest energy from primary signal and use remaining power to cancel interference in phase 2.
Let us denote as the channel coefficients of the links and , respectively. All the channels between two nodes undergo the Rayleigh fading channel. Accordingly, the channel power gains of these channels and follow exponential distribution with mean power respectively.
In phase 1, user sends information to secondary network, thus, the signal received at user and user can be expressed as (1) respectively. Where is the unit-power signal prepared for node . , is the Gaussian noise introduced by the antenna at relay and user respectively. In [8] , the received signals can be divided into two sections by relay, one for energy harvesting and the other one for information transfer. Similar to [9, Eq. (4)], the energy harvested at node can be calculated as (2) where are the fraction of information split for energy harvesting at node , represents the energy conversion efficiently. Coefficient 1/2 denotes the time duration of each phase.
In order to improve the performance of the cognitive network, we consider a relay selection scheme based on energy harvesting and information transfer protocol at relays. The relay has highest harvested energy will be selected to forward the information in phase 2. Therefore, the chosen relay can be denoted as , is selected as
where denotes the set of relays, , equation (3) can be simplified as
Therefore, the transmit power of the selected relay is given as (5) As described in [9] , relay uses a fraction of its received power to forward the remaining primary information while of its received power to send secondary signals prepared for user simultaneously. According to [9, Eq. (14) ], the signal to interference plus noise ratio (SINR) at is given by (6) In phase 1, represents the fraction of information split for energy harvesting at node , user will store the energy from the received signal, and the remaining information will be used to cancel the primary interference in next hop. Likewise, The SNR at user can be written as [9, Eq. (15)] (7) Outage Probability analysis
In this section, we will study the performance of the cognitive AF relay network in terms of OP over Rayleigh fading channels. For user , we present the exact OP expression. For user , we give the exact OP expression and the closed-form of lower bound.
The OP is the probability that the instantaneous SNR at user , , falls below a predefined threshold, , namely With the help of (10), (11) ,(12), we can obtain (9). According to (8) (17) and (18) It is difficult to derive the closed-form of , however, the tight upper bound can be obtained (19) With the help of (15), (16), (18), (17), we can get the exact CDF of (14). Thus the exact expression of OP for user can be obtained as (20) And the (18) can be replaced by (19), the tight lower bound of OP for secondary user in closed-form can be deduced as 
Simulation Results
In this section, Monte Carlo simulation results are presented to demonstrate the correctness and effectiveness of our analytical expressions in improved cognitive AF relays model. In particular, we investigate the impact of , power split factor and the number of AF relays on OP of primary user and secondary user .We set the parameters , , , , . As it can be clearly seen from two pictures, the simulated and analytical OP curves match wonderfully. In addition, the OP of primary user and secondary user reduce when the value of increases. This is because that with higher number of , the probability of secondary users can share the spectrum is higher. Finally, the outage performance of primary and secondary network significantly increases at high region. Because with high transmit power, the secondary user can harvest more energy to broadcast primary and secondary data. While , the OP decreases along with the increase of the . This is because that more power available to transmit the primary information with the higher value of . On the contrary to Fig. 2 (a) , the OP of secondary user in Fig. 2 (b) increases along with the increase of power split coefficient . This can be explained that the more power is split to broadcast primary information, the less power is available to transfer secondary message.
Finally, we can see from Fig. 1 and Fig.2 that the analytical results (Exact) and the simulation results (Simulations) are perfectly matched, which verifies our derivations.
Conclusion
In this paper, we propose the cognitive dual-hop AF relays model with relay selection, and consider the energy harvesting and information transfer protocol. When more relays are available, the outage performance for both primary and secondary networks will be enhanced. We have derived the expression of OP under Rayleigh fading channel, which is also verified by the Monte-Carlo simulation. What's more, the numerical results presented that the proposed system model improves the outage performance when more relays are available.
